This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAI 
- : Interna 



PCT 

INTERNATIONAL APPLICATION PUBLISHED L 






WO 9603270A1 



(51) International Patent Classification 6 : 

B29C 51702, B29B 11/14, B29D 31/00, 
B05D 1702, 3/08, B60R 27/00 



Al 



(11) International Publication Number: WO 96/03270 

(43) International Publication Date: 8 February 1996 (08.02.96) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US95/09193 
19 July 1995 (19.07.95) 



(30) Priority Data: 

08/282.219 



28 July 1994 (28.07.94) 



US 



(71) Applicant (for all designated States except US): CUSTOM 
PLASTICS MOLDING, INC ■ [US/US]; 780 Benton Av- 
enue, Benton. ME 04901 (US). 

(S £vSSAwU«nts (far US only): ^J^.^^J^ 
M [US/US]; R.R. 1. Box 2225. South China. ME 04358 
(US). CULLIVAN. Edward, E. [US/US]; R-R. I. Box 2225, 
Palermo. ME 04354 (US). 

(74) Aaents: FASSE. Walter. F. et aL; W.G. Fasse, P.A.. Indian 
(74) Agents^ hA ^ ^ ^ ^ ^ ^ ^ (U$) 



(81) Designated States: AM. AT, AU, BB. BG BR^ BY CA. CH, 
CN CZ. DE DK. EE, ES, Fl. GB. GE. HU. IS, JP. K£. 
KG', kF. KR. KZ. LK. LR. LT, LU LV. MD mg M£ 
MW MX. NO. NZ. PU FT. RO. RU. SD. SE. SG. SI. SK. 
TJ TM TT UA UG, US. UZ. VN. European patent (AT, 
BE CH DE, DK. ES. FR, GB. GR. IE. IT. LU. MC. NL, 
S SE)! OA>I patent (BF. BJ. CF. CG. CI. CM. OA, GN. 
ML. MR, NE. SN. TD. TG). AR1PO patent (KE. MW. SD. 
SZ, UG). 



Published 

With international search report. 



"(54) Title: METHOD OF FORMING ANTISUP SURFACES ON THERMOFORMED PRODUCTS 

(57) Abstract 

A therrnoformed plastic product, 
such as a truck bed liner (60), having an 
antislip surface is formed. A clean sur- 
face of a sheet of. for example HDPE, 
is masked. Droplets of a sprayabte or 
liquid polymer, such as a thermosetting 
eiastomeric polymer are sprayed or oth- 
erwise applied onto the exposed masked 
off surface area. The droplets form a stip- 
pled pattern of primarily separate bumps 
which upon hardening are hard, but not 
brittle. After partial hardening of the 

«o 0k she* and runner Hardens ^ ^ assies (64. 65). So™ aspens (65) con- 
fining entrapped air explode during thermoforming resulting in rough edges (66). 
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PCTAJS95/09193 

WO METHOD OF FORMING ANTISLIP SURFACES ON THERMOFORMED PRODUCTS 

Technic al Field 

This invention relates to a method for impartxng antxslxp 
properties to thermof ormed plastic surfaces and products.^ The 
5 invention is particularly useful for increasing the friction 
on load bearing and cargo carrying surfaces such as those of 
thermof ormed pickup truck bed liners. The invention selec- 
tively increases frictional effect primarily through enhanced 
three dimensional macroscopic surface relief and roughness so 
10 that it is effective even when the surface is vet. Composxtxon 
of the surface is also a factor contributing to the increased 
friction. The invention is useful for a variety of other 
practical and industrial applications as well as for games and 
recreational products. The invention provides a hard and 
15 tough antislip. surface preferably with an elastomerxc compo^ 
nent and with a hardness that is not brittle or sharp It 
suitable, for example, for bare feet applications such as 
swimming pool surfaces, showers, bathtubs, walks, and staxrs. 

Rflrk ground Art . j= 

Essentially all truck bed liners are thermoformed from 
high density polyethylene (HOPE) sheets. Other materxals such 
as ABS , synthetic rubber plastic, and other thermoplastic 
polymers are sometimes used. The thermoplastic sheets are 
heated to a thermof orming temperature in a thermof ormxng oven 
„ and are deformed by ambient air pressure after application of 
vacuum on one side in a thermof orming mold to produce the 
desired product. Many other products are also manufactured by 
this process. A disadvantage of the HOPE material however xs 
its low coefficient of friction- HDPE surfaces become even 

30 more slippery when wet. 

U.S. Patent No. 4,693,507 (Dresen et al.) describes a 
truck bed liner with antislip surface properties. Increased 
coefficient of friction on the liner surface is achxeved by 
applying a continuous film or layer of elastomeric materxal 
3s over the HDPE sheet, The thickness of the integral elasto- 
meric layer or film is typically in the range of 25 mxls - 
mils (625 M -750 M ). The elastomeric film is preferably coex- 
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truded over the HDPE sheet which is typically 180 mils - 250 
mils (4. 5mm- 6. 2mm) in thickness. However, Dresen et al . state 
that the elastomeric film layer can alternatively be applied 
to the HDPE sheet by lamination, by adhesive, or by heat 

5 application. 

An increased frictional force is therefore achieved 
primarily by the "plowing effect" or embedding effect of 
harder cargo pieces pressing into the softer continuous elas- 
tomer layer. A disadvantage of the Dresen et al . scheme how- 
10 ever, is that the frictional force attributable to the inte- 
gral elastomeric layer is reduced when the elastomer film is 
wet. Another disadvantage of the Dresen et al . method is the 
increase in cost of adding and applying the integral and 
continuous layer of elastomeric material by coextrusion, 

is lamination, adhesion, or heat application. The elastomer film 
of Dresen et al. generally extends across the entire substrate 
plastic sheet. 

Objects of the Invention 

It is therefore an object of the present invention to 

20 provide a new method of imparting antielip properties to 
thermoformed plastic surfaces, which increases frictional 
forces and the coefficient of friction for wet as well as dry 
surfaces. An advantage of the invention is that it imparts a 
practical coefficient of friction substantially twice that of 

25 the closest prior art antislip surface for both wet and dry 
surfaces. 

Another object of the invention is to increase the prac- 
tical coefficient of friction and frictional force on thermo- 
formed plastic surfaces by means of increased three dimen- 

30 sional macroscopic surface relief, asperities, and roughness. 
This is to be accomplished with hard and tough materials 
preferably with viscoelastic or elastomeric properties and 
with a hardness that is not brittle or sharp. The new anti- 
slip surface imparted by the invention is suitable for bare 

3s feet and can be applied in both dry and wet environments such 
as swimming pools and swimming pool areas, bathtubs, showers, 
and bathrooms . 
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A further object of the invention is to impart antislip 
properties and increase the coefficient of friction on thermo- 
formed plastic surfaces by the composition of the surface with 
reduced materials and expense and without the cost of handling 
5 and applying continuous or integral film layers on a substrate 
plastic surface. Furthermore, the antislip surface can easily 
be applied very selectively to only portions of the thermo- 
formed plastic surface in any shape or configuration while 
leaving other areas untreated. 



10 



15 



20 



25 



35 



Disclosure of th" Tnvention 

in order to accomplish these objects, the invention 
provides a new process for selectively forming an antislip 
surface on a product thermoformed from a plastic sheet. The 
plastic sheet may be formed of any suitable thermoplastic 
polymer material such as polyethylene (e.g. HDPE ) / ABS, syn- 
thetic rubber, polypropylene, and other polyolefin thermoplas- 
tic polymers, for example. Typically the method proceeds by 
cleaning the surface of the plastic sheet for removing oils 
and other contaminants and preparing a good bonding surface. 
Next, the plastic sheet is masked for exposing selected sur- 
face areas to be treated with the antislip surface and cover- 
ing other areas not to be treated. In some applications the 
cleaning and masking steps are not required. 

One embodiment of the invention includes atomizing into 
droplets a sprayable polymer, preferably a thermosetting 
elastomeric polymer or other polymer having a viscoelastic or 
elastomeric component and a relatively rapid reaction time 
Other polymers which harden to a hard tough plastic material 
without brittleness or sharpness can also be used as hereafter 
described. The invention proceeds by flash spraying a mist of 
the atomized droplets onto the masked plastic sheet, or other- 
wise forming and applying the droplets to the selected exposed 
area of the plastic sheet, so that the droplets form a stip- 
pled pattern of primarily separate bumps or pimples across the 
treated surface area. The method also includes controlling 
^he time duration of the flash spraying or otherwise control- 
ling the application of droplets so that the droplets prefera- 
bly cover or occupy substantially less than 50% of the treated 
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surface area leaving the underlying plastic sheet substan- 
tially exposed between the droplets. 

By reason of the masking step, the stippled pattern of 
primarily separate droplets or pimples can be selectively 
s applied over only a portion of the HDPE sheet in any desired 
shape or area configuration. The treated surface area can 
thereby, for example, be limited to a cargo carrying surface 
or only a portion of the cargo carrying surface. By way of 
example, only a fraction of the cargo carrying surface, such 
L0 as one half of the surface, can be treated for a higher coef- 
ficient of friction while the other half remains as an HDPE 
surface with lower coefficient of friction. Thus the right 
half of the truck bed liner surface may be treated to provide 
an antislip surface for cargo containers while the left half 
is permits sliding of the objects for loading and unloading. As 
a further alternative, the pattern of droplets need not be 
selectively applied and the masking step can be eliminated. 
For example, the entire HDPE sheet can be treated to impart 
antislip properties over all the surfaces of the truck bed 
20 liner or other thermoformed product. 

As a next step of the invention, the droplets forming the 
stippled pattern are at least partially hardened and solidi- 
fied in an initial drying step. The plastic sheet is then 
thermoformed according to standard thermof orming procedures at 
25 thermof orming temperatures to produce the product. The 

thermoforming process causes intimate bonding of the droplets 
to the plastic sheet and relative hardening of the droplets to 
form three dimensional macroscopic asperities having an en- 
hanced relief and surface roughness, causing a relatively 
3 o higher coefficient of friction over the treated surface area. 
These macroscopic asperities of the antislip surface engage 
the peaks, valleys and surface relief of objects placed on the 
antislip surface by interlocking of asperities and macroscopic 
roughness on the two surfaces. As a result, the coefficient 
35 of friction and frictional force is substantially increased to 
a value that is substantially maintained when the surfaces are 
wet. The enhanced surface roughness and macroscopic asper- 
ities are achieved by several coating effects of the interact- 
ing process steps. 
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First it has been found that the thermoforming tempera- 
tures cause an intimate physical or chemical bond between the 
thermosetting elastomeric polymer droplets and the plastic 
sheet typically composed of high density polyethylene. The 

5 bonding between the droplets and the HDPE sheet is apparently 
as strong as the bonding of polyethylene to itself, and the 
droplets cannot be scraped off without cutting through the 
bonded materials. This bonding between the droplets and the 
HDPE sheet is enhanced by mixing with the thermosetting elas 

o tomer a small amount of an adhesion promoter which bonds or 
cross links both to the thermosetting elastomer and to the 
HDPE sheet - 

Second it appears that the thermoforming temperatures 
cause a relative hardening and post cure thermosetting of the 

15 thermoset elastomeric polymer that was sprayed in droplet form 
and initially hardened and cured on the exposed surface areas 
of the plastic sheet. While the thermosetting elastomer 
.retains some elastomeric properties, there is a hardening 
relative to its properties prior to heat curing. The in- 

20 creased coefficient of friction and frictional force effect xs 
therefore achieved primarily not by elastomeric properties but 
by the relative hardness of the droplets forming macroscopic 
asperities across the treated surface area. Other sprayable 
or liquid polymers that are formable into droplets and hard ^ 

25 ened by the thermoforming process can also be used as hereaf 

ter described. 

Third, the projecting islands, pimples, or projections 
formed by the droplets bonded and hardened across the treated 
surface area are enhanced in relief by an effect referred to 
30 by the inventor as the "moth effect". Thermoforming heat xs 
generally applied to both sides of the plastic sheet by a 
variety of heater arrangements such as, for example, infra red 
radiant heaters, which may comprise catalytic gas burners as 
an example. Electrical heating elements with blowers are also 
3s typically used. The inventors have noted that if a moth falls 
on the plastic sheet prior to or during heating, then a corre 
sponding moth-shaped plateau rising slightly above the sur- 
rounding area will be formed at the location of the moth 
during thermoforming of the sheet. It is believed this effect 
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is due to "shading" or "screening" provided by the moth. The 
shading produces a temperature differential so that higher 
temperature areas surrounding the shaded outline of the moth 
are subject to differential thermof orming and thinning, and 
5 thus are more greatly vacuum formed and pulled away from the 
shaded area. This causes a slightly differential thickness or 
surface relief according to the pattern of differential ten,- 
peratures. 

Similarly it is observed that the droplets forming a 
i. stippled pattern across the treated surface area shade or 

screen the particular spots under the droplets from the heat 
sources used to bring the plastic sheet to thermof orming 
temperatures. The stippled pattern of droplets produces a 
corresponding stippled pattern of shading and differential 
is temperatures. Furthermore, the droplet material mechanically 
reinforces the plastic sheet to resist vacuum forming at the 
locations under the droplets. During thermof orming the areas 
of the plastic sheet surrounding the droplets are vacuum 
pulled to a lesser thickness than the shaded areas under the 
20 droplets. This effect enhances the relief, projection and 
elevation of the macroscopic asperities, and the roughness 
across the treated surface area. For example, it has been 
observed that the height of the asperities on a finished 
thermoformed product can be nearly double the height of the 
25 droplet projections on a sheet before thermo-f orming . 

Finally, some of the droplets atomized from the viscous 
thermosetting elastomeric polymer entrap air. The entrapped 
air may explode through the top of the droplet during thermo- 
forming thereby forming rough edges on the droplets to in- 
30 crease the coefficient of friction. The increased roughness 
is achieved on the hard, tough pimples without brittleness or 
sharpness. 

in the preferred example embodiment the process includes 
cleaning the surface of the plastic sheet by flame treatment 
35 for burning off contaminants and preparing a good bonding 

surface, applying the droplets, at least partially hardening 
and solidifying the droplets and thermof orming the HDPE sheet 
to form the final product in the thermof orming temperature 
range of 250°F - 550°F (121°C- 288°C) and preferably in the 
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range of 370°F - 400°F (188°C - 204°C). The step of initially 
drying or hardening and solidifying the droplets before ther- 
moforming can be accelerated by heating. The time duration of 
the flash spraying may be controlled to an interval down to a 

s fraction of a second, for example, through a spray head at a 
relatively high pressure, for example in the range of 1,000 
2,000 psi (70 - 140 bar). Even when the spray duration is 
longer, e.g. about one second, it should be precisely con- 
trolled within a fraction of a second. Typically the flash 

to spraying is from a spray head at a distance from the HDPE 
sheet in the range of 2.5' - 4.5' (0.75m - 1.35m). 

According to the preferred examples, the atomizable 
. sprayable polymer is selected to form hard and tough pimples 
durably bonded over the selected antislip surface after 

is thermoforming. The droplets are not brittle or sharp. A 
variety of starting polymers can be used for the sprayable 
polymer designed to achieve the desired characteristics of 
hardness, toughness, and strong bonding and without impact 
brittleness or sharpness. The sprayable polymer is preferably 

20 a thermosetting elastomeric polymer such as, for example, 
polyurea prepolymers and polymers, hybrid prepolymers and 
polymers such as hybrid polyurea polyurethane polymers in 
which the polyurea bonds predominate, and other polyether 
resins generally including epoxy resins, for example. High 

25 temperature tolerant thermoplastics such as polyester resins 

are also suitable. 

It is noted that both thermosetting polymers and thermo- 
plastic polymers as well as combinations thereof can be used 
for the sprayable polymer. The polymer or polymer mixture is 

30 selected to provide toughness and a hardness of the asperities 
that is preferably greater than the hardness of the underlying 
thermoplastic sheet but below brittleness and sharpness. 
Alternatively, the asperities can have the same or a lower 
hardness than the sheet, but the abrasion resistance may then 

35 be undesirably reduced. 

Thermoplastic polymers suitable for the droplets, such as 
styrene, are made sprayable by mixing with a suitable solvent. 
The droplets are initially dried and hardened by evaporating 
the solvent. Alternatively, lower viscosity thermoplastics 
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can be made mistable or sprayable by heating the bulk polymer 
material to a suitable temperature at which droplets can be 
formed. Initial drying and hardening is achieved by lowering 
the temperature to a suitable hardening temperature. For the 
5 thermosetting resins, sprayability is achieved as described 
above by mixing and spraying the reacting components. Initial 
drying and hardening is achieved by the reaction of the compo- 
nents. It is also noted that the selection of the sprayable 
polymer or polymer mixture increases the friction on the 
stippled. surf ace not only by the surface profile of hard 
macroscopic asperities but also by the composition of the 
surface material. For example the polyurea polymer asper 
ities, as well as asperities of other thermoset and thermo- 
plastic polymers, provide greater interaction with any object 
» passing over the surfaces than does the HOPE surface of the 

underlying sheet . 

The polymer droplets can be formed and applied on the 
selected surface area by methods other than misting and spray- 
ing. For example, the droplets can be formed and applied by a 
2 o roller containing the polymer in sprayable or liquid form and 
having pin holes or ejector holes through which droplets are 
dispensed as the roller passes or turns over the selected 
surface area. The pin holes or ejector holes can be arranged 
with the appropriate density for dispensing droplets on pref 
25 erably less than 50% of the surface area. Alternatively the 
substrate sheet can pass under a droplet dispenser having a 
reservoir of the polymer in sprayable or liquid form. The 
reservoir is formed e.g. with one or more rows of pinholes for 
forming and dispensing droplets on the selected surface area 
30 in the desired density covering less than 50% of the surface 



area 



35 



As used in the specification and claims, the adjective 
-sprayable" does not necessarily imply that the polymer is 
sprayed but rather that the polymer is prepared in a sprayable 
condition, such as a liquid form, capable of formation into 
droplets. The sprayable polymer may then be formed into 
droplets and dispensed by misting and spraying or by "drip- 
ping" or being applied onto the selected surface area by a 
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roller or reservoir dispenser or any other droplet applying 
means . 

Appropriate additives and agents may be required to 
achieve the desired characteristics. An adhesion promoter can 
s be added to the thermosetting elastomeric polymer, thermoplas- 
tic polymer, or polymer mixture, in the range of for example 
1% - 7% by weight and preferably about 5% by weight of the 
mixture. A suitable adhesion promoter is for example a cross 
linking melamine resin, 
o The preferred size range of droplets of the viscous 

thermosetting elastomeric polymer, thermoplastic polymer, or 
polymer mixture is 2 mils - 30 mils (50^ - 750 M ) in diameter. 
Larger size droplets can also be used. After thermof orming, 
the bumps or pimples forming the stippled pattern across the 
treated surface area are also substantially in the size range 
of 2 mils - 30 mils (50 M - 750 M ) although larger size bumps 
are also suitable. 

The invention is applied to thermof orming truck bed 
liners from an HDPE or other thermoplastic sheet. The plastic 
sheet is masked to expose a portion of the cargo carrying 
surface of the truck bed liner for treatment with an antislip 
surface. Other applications for the invention include slip 
sheets, pallets, and other industrial, domestic and commercial 
applications as well as games and recreational products such 
as "slide bars" and ski devices. In the case of slip sheets 
and other substantially flat surface products, thermof orming 
can take place in a mold with a shallow basin well. An under- 
size sheet can be used so that the flat surface product por- 
tion is pulled into the shallow basin to achieve the differen- 
tial thinning effect with enhanced asperities. Such thermo- 
forming achieves the enhanced and increased three dimensional 
relief provided by the macroscopic droplet asperities rising 
above the surrounding surface of the vacuum thinned plastic 
sheet. The thermof orming also completes a secure bonding 
between the droplets and the HDPE substrate and causes a 
relative hardening of the thermoset polymer droplets. 

Other objects, features and advantages of the invention 
are apparent in the following detailed description and accom- 
panying drawings . 
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Brief Description of the Dr awings 

Fig. 1 is a diagrammatic perspective view of a flame 
cleaning step for cleaning the area of an HDPE sheet to be 
treated and formed with an antislip surface according to the 
s invention . 

Fig. 2 is a diagrammatic perspective view of the masking 
step for selectively masking the HDPE sheet and exposing the 
surface area to be treated. 

Fig. 3 is a diagrammatic side elevation view of the 
o proportioning unit for mixing, atomizing into droplets, and 
spraying or misting the thermosetting elastomeric polymer. 

Fig. 4 is a side perspective view of the step of spraying 
or misting the atomized droplets of thermosetting elastomeric 
polymer onto the exposed surface area to be treated. 
l5 pig. 5 is a diagrammatic perspective view of the HDPE 

sheet with a treated surface area in preparation for thermo- 
f orming . 

Fig. 6 is a diagrammatic side view of the thermof orming 
process for heating the specially prepared HDPE sheet in 
20 preparation for vacuum forming in a vacuum mold. 

Fig. 6A is a detailed diagrammatic side view of the HDPE 
sheet mounted in a frame for sliding into the thermof orming 
oven, while Fig. 6B is a diagrammatic side view of the heated 
and sagging or depending HDPE sheet sitting in the vacuum 

25 forming mold. . 

Fig. 7 is a detailed side view of the retention framework 
holding the HDPE sheet in position during the vacuum forming 
process in the vacuum mold. 

Fig. 8 is a diagrammatic perspective view of a pickup 
30 truck bed liner thermoforroed according to the process of the 
invention with an antislip cargo carrying surface between the 

wheel wells- 
Fig. 9 is a detailed fragmentary perspective view of a 

portion of the antislip base of the bed liner. 
35 pig. 10 is a diagrammatic cross sectional side view in 

the direction of arrows 10 of Fig. 9 showing the characteris- 
tics of the thermof ormed droplet asperities. 
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n c t a n P H n^criot inn of Pr e ferred Example Embodiments and of 
the Best Mode of the Invention 

The process for forming antislip surfaces on thermoforraed 
products according to the invention is illustrated in the 
5 example of Figs. 1-7. In this example an HOPE sheet 10 is to 
be thermoformed into a pickup truck bed liner 60, of which the 
cargo carrying surface 12, 62 is to be prepared according to 
the invention with an antislip surface. Other thermoplastic 
polymer plastic sheets can also be used. The HDPE sheet is 
io typically in the size range of approximately 5 ' x 10 ' ( 1 . 5m x 
3.0m) with a thickness typically in the range of 180 mils - 
250 mils (4.5mm - 6.2mm). The surface portion 12 of the HDPE^ 
sheet 10 which will become the bottom surface or cargo carry- 
ing base of the bed liner and specifically the portion between 
15 the wheel wells is delineated by tape 14 such as duct tape or 
masking tape. Any other suitable procedure for marking and 
indicating the area that will become the cargo carrying por 
tion 12 of HDPE sheet 10 can also be used. 

As shown in Fig. 1, the portion 12 of HDPE sheet 10 to be 
20 treated is first cleaned to remove grease, oil, and other 
surface contaminants. This is preferably accomplished by 
briefly flame treating the surface portion 12 with a torch 
flame 15 for burning off surface contaminants without disfig 
uring the surface. This is accomplished in several minutes or 
25 less. Corona treatment and chemical cleaning can also be 

used. Flame treatment is preferred because it prepares a good 
bonding surface on the polyethylene plastic material. It has 
been found that the flame treatment exposes active molecular 
bonding sites for durable, secure bonding between the applied 
30 droplets and the thermoplastic sheet. Flame treatment and 

oxidation apparently leave polar ends on the plastic material 
surface for enhanced bonding of the sprayable polymer drop 
lets . 

It is not known whether the bonding is predominantly 
35 mechanical, physical, chemical, or all three, but intimate 
physical molecular bonding is likely an important factor. 
Mechanical bonding may also be an important factor to the 
extent that the droplets in a liquid or plastic state seep 
into pores and irregularities of the HDPE sheet surface, 
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whereby mechanical interlocking also contributes to the bond- 
ing. 

A flame treatment apparatus has been devised with a line 
of flame long enough to extend across the surface area to be 
5 flame treated. The line flame is mounted in fixed position 
over a table that is mounted on rollers or tracks. The sheet 
of thermoplastic material is placed on the table and the table 
is translated by rolling under the line flame for flame treat- 
ment of the selected surface area of the plastic sheet. It 
,o has been found that flame treatment for a longer time produces 
a better bonding surface. For example, the cargo carrying 
surface portion passes under the line flame in a time range of 
7 - 21 seconds and preferably a longer time period, e.g. about 
21 seconds for preparing a good bonding surface. The duration 
xs of the flame treatment is limited to avoid any significant 

temporary warpage due to the heating of one side of the ther- 
moplastic sheet. 

After cleaning the selected surface area portion 12, the 
HDPE sheet 10 is masked with a suitable masking material such 
20 as kraft paper. The mask 20 exposes the selected surface area 
12 on which an antislip surface is to be formed, and covers 
the other surface areas of HDPE sheet 10 which are not to be 
treated, as shown in Fig. 2. 

A suitable thermoset elastomer polymer is prepared for 
spray application on the selected surface 12 as shown in Figs. 
3 and 4. The mixing, atomization, and spraying of the polymer 
is accomplished using a standard polyurethane spray system 25 
such as a Gusmer spray system available from the Gusmer Corpo- 
ration of Lakewood, New Jersey, as a "Proportioning Unit" sold 
under Gusmer Model No... VH-3000. An adjustable automated pump 
and proportioning unit 2 6 mixes Part A and Part B chemical 
reactants stored in barrels 28, 30 in the desired proportions 
or ratio. The reactant chemicals are delivered separately 
through lines 32, 34 joined in a single sheath 35 to the spray 
head 36 shown in Fig. 4. The spray head mixes, atomizes and 
sprays droplets of the resultant thermosetting elastomeric 
polymer as hereafter described. 

A suitable thermoset elastomer for use in the process is 
a polyurea polymer derived from the reaction of a Part B 



25 
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polyurea prepolymer and a Part A isocyanate such as a diisocy- 
anate. The polyurea prepolymer differs from the more conven- 
tional polyurethane prepolymer. It is an amine terminated 
polyether rather than a hydroxyl terminated polyether or 
5 polyol. The NCO groups of the isocyanate react preferentially 
and more quickly with amine terminated polyethers. The amine 
terminated polyethers will also displace the hydroxyl termi- 
nated polyethers. The resulting polyurea bond is tougher than 
the polyurethane bond and withstands higher temperatures 
10 without breakdown or degradation. 

A suitable polyurea prepolymer for use as Part B is sold 
under the trademark Jef famine (TM) by Huntsman Corporation of 
Austin, Texas. The Jef famine (TM) polyurea prepolymer is an 
amine terminated aliphatic polyether with both diamine and 
is triamine terminations. The diamine terminations retain flexi- 
bility in the reacted polymer while the triamine terminations 
promote cross linking for increased stiffness. The propor- 
tions of diamine and triamine can be adjusted according to the 
particular application. An adhesion promoter of Melamine 
20 monomer resin is mixed with the Jef famine (TM) polyurea pre- 
polymer in an amount preferably equal to approximately 5% by 
weight of the mixture. The Melamine monomer is advantageous 
because it bonds to both the polyurea prepolymer and the HDPE 
substrate. The cross linking Melamine resin therefore pro- 
2S motes bonding between the reacted polyurea polymer and the 
HDPE sheet substrate. Other adhesion promoters can also be 
used and the concentration of adhesion promoter can be varied 
over a range e.g. from 1% - 7% by weight. 

A premixed Jef famine (TM) type polyurea prepolymer and 
30 cross linking Melamine resin adhesion promoter can be obtained 
in proper premixed proportions from Enichem America, Inc., 
1448 VFW Drive, Conyers, Georgia 30207, under the Enichem 
product code EC856M. 

Part A is an isocyanate with NCO groups for reacting with 
35 the amine terminations of the polyurea. A particular isocyan- 
ate suitable for reaction with the modified polyurea pre- 
polymer is diphenylmethane-4 4' diisocyanate . This diisocyan- 
ate is sold under the Enichem product code EC856MFLX21. Other 
isocyanates and diisocyanates can of course be used for 



- 13 - 



PCT/US95/09193 

WO 96/03270 

Part A. Two mixed ratios of Parts A: B recommended by Enichem 
America, Inc. are 0.4 7 and 1.0. However, the ratio may be 
selected in a typical ratio range of Parts A to B of e.g. 0.4 
- 4.0. Within this range, the resulting polyurea isocyanate 
s polymer after thermof orming may have a flex modulus or stiff- 
ness in the range of 10,000 - 80,000 psi and durometer or 
hardness in the range from 40A to 60D. 

A feature of the modified polyurea prepolymer is that it 
also incorporates a small percentage, for example in the range 
xo of 5% - 7% by weight, of polyurethane type hydroxyl termina- 
tions or bonds in the isocyanate. This small percentage of 
polyurethane terminations assists with initiation of the 
reaction between the polyurea and isocyanate. Once the reac- 
tion is initiated the polyurea bonds between the amine termi- 
is nations and NCO groups react with greater speed and the NCO 
groups of the isocyanate preferentially react with the amine 
terminations. The polyurea/isocyanate reaction can take place 
for example in the range of several seconds to 30 seconds for 
a fast reaction time. 
20 For controlling the speed of the reaction, blockers can 

be added to the reacting mixture to slow the reaction time and 
allow the mist of droplets to settle on the exposed selected 
surface area for good bonding to the plastic sheet. By way of 
example, a blocking agent or slowing agent can be substituted 
25 on some terminations to slow the reaction time to the range of 
e.g. 20 seconds to a minute or more. 

in the preferred example, however, the process time and 
droplet size are controlled by the temperature of the reaction 
rather than by blocking agents. The proportioning unit 26 
30 incorporates heaters for heating the reactants . Lines 32,34 

in sheath 35 may also incorporate a line heater. According to 
the process, the reactants are typically heated in the range 
of 168°F - 185°F (76°C - 85°C) for atomization and spray or 
mist application. It has been found preferable to regulate 
35 the temperature of reactants to the lower end of this range, 
e.g. down to 168°F (76°C). At this lower temperature, the 
reactants are more viscous and form larger droplets of more 
consistent size at the larger end of the size range of 2 mils 
- 30 mils (50^t - 750 M ). The larger droplets have been found 
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preferable in providing better bonding of the separate drop- 
lets to the surface of the polyethylene or other thermoplastic 
sheet. At the lower temperature range the consistently larger 
droplets also settle on the plastic sheet before the polyurea- 
5 /isocyanate reaction is complete, further enhancing bonding 
with the plastic sheet. 

Other atomizable and sprayable polymers may be used for 
preparing an antislip surface, including selected polymers and 
polymer mixtures and combinations capable of spray-on or mist 
10 application. The plastic polymer may be either thermosetting 
or thermoplastic or both, but should be selected to achieve 
the following characteristics. The sprayable polymer or 
polymer mixture should be relatively fast reacting and provide 
durable bonding to the thermoplastic sheet substrate. It 
is should form separate droplets or pimples which are hard and 
tough after thermof orming but not brittle and sharp. A vari- 
ety of sprayable resins and polymers and resin and polymer 
mixtures, thermosetting resins, thermosetting elastomeric 
resins, and thermoplastic polymers can achieve these charac- 
20 teristics. It will be apparent to polymer chemists skilled in 
this field that numerous polymer combinations and formulas can 
be selected, i.e. designed to achieve the desirable character- 
istics. 

While the preferred thermosetting elastomer polymer is 
the polyurea polymer, hybrid polyurea polyurethane polymers 
can also be used as long as the polyurea bonds and the poly- 
urea polymer predominate over the polyurethane. As further 
described below, the polyurea bonds respond favorably to the 
thermoforming process enhancing the desirable characteristics 
of the polyurea polymer. On the other hand the polyurethane 
bonds may be adversely affected by the thermoforming heat, 
causing breakdown of the bonds. The polyurea bonds should 
therefore predominate over the polyurethane bonds. Other 
thermosetting polyether resins, such as epoxy resins amenable 
to spray-on application, can also be used. Certain thermo- 
plastic polymers such as polyester polymers and mixtures and 
other coating polymer combinations capable of withstanding the 
high thermoforming temperatures may also be designed for the 
process . 



25 
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An advantage of the above-described particular example 
thermosetting elastomeric polymer is that its favorable char- 
acteristics are enhanced by the thermof orming process and the 
high temperatures of the thermof orming oven. Specifically the 
s. adhesion promoter as well as the polyurea itself form durable 
bonds with the high density polyethylene molecules on the 
surface of the HDPE sheet. These bonds are as durable as the 
polyethylene itself and the droplets cannot be removed from 
the thermof ormed sheet without cutting the droplets. On the 
10 other hand prior to thermof orming, the droplets sprayed on the 
exposed area 12 of the HDPE sheet 10, after a suitable initial 
hardening or drying time, can still be removed by abrasion. 
Furthermore, the thermof orming process hardens the droplets to 
form asperities which give a high coefficient of friction over 
is the treated surface area. 

The thermoset polymer, thermoplastic polymer, or combina- 
tion thereof is selected to have a hardness in the finished 
product preferably greater than the underlying thermoplastic 
sheet but less than a brittle and sharp hardness. For example 
20 the hardness may be in the durometer range from 40A to 60D 
within these constraints. The sprayable polymer with such a 
hardness is suitable for barefoot walking surfaces such as 
swimming pool surfaces etc. 

The thermosetting, thermoplastic or combination polymer 
25 in liquid sprayable condition is formed into droplets and 

applied to the selected area to be provided with an antislip 
surface by misting or spraying in the present preferred exam- 
ple. Alternatively, as explained above, the droplets can be 
formed and applied by rolling or dripping through pin hole 
30 dispensers. As shown in Fig. 4 Parts A and B are mixed at 
the spray head 36, atomized, and applied as a spray mist to 
the exposed cargo loading area 12 of HDPE sheet 10. The HDPE 
sheets 10 may be handled on a conveyor 40 while the sprayer is 
aligned overhead by robotic arm 42. The spray head 36 is 
35 typically arranged to be approximately 2.5' to 4.5' (0.75m -. 
1.35m) over the HDPE sheet 10. The spray head 36 is con- 
trolled to deliver a fine mist of droplets for a spray period 
that may last only a fraction of a second or about a second, 
applying droplets of reacting polyurea polymer on the exposed 
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surface area 12, The reaction time of Parts A and B may last 
from a few seconds to a few minutes according to the reac- 
tants. For slower reactions, the reaction time is preferably 
in the range of 20 seconds to a minute and for faster reac- 
5 tions 3 - 30 seconds. The reaction of the polyurea prepolymer 
and isocyanate is an exothermic reaction generating a spray 
temperature from exothermic heat alone in the range of for 
example 150 °F to 160°F (66»C - 71°C). With the exothermic 
heat and air drying and curing, the droplets 18 at least 
i« partially harden on the selective surface 12 in preparation 
for the thermoforming step. Drying can be accelerated by 
application of supplemental heat. 

As shown in Fig. 5 the droplets 18 from the mist settle 
across the exposed surface area 12 with preliminary bonding to 
1S the HDPE plastic material. The temperature and spray duration 
from spray head 36 are controlled so that droplets in the size 
range of for example 2 mils - 30 mils (50„ - 750„) are applied 
to the exposed surface area 12, preferably covering less than 
50% of the surface area and leaving HDPE exposed between the 
20 droplets 18. The droplet size shown in Fig. 5 is exaggerated. 
The droplet coverage can also exceed 50%, but it has been 
found that low density coverage is as effective or even more 
effective than high density coverage. In the preferred em 
bodiments, the droplets are therefore adjusted to cover sub- 
25 stantially less than 50% of the exposed surface area, such as 
less than 25% or even less than 15% of the area. 

An advantage of the masking step according to the process 
is that the area to be treated can be any surface area in any 
desired shape or configuration. The process is not limited to 
30 any particular orientation or direction. If only a portion of 
the cargo area is to be treated with antislip properties, this 
can be readily accomplished at the masking step. 

in Fig. 5 the mask has been removed and the HDPE sheet 10 
is ready for thermoforming. As shown in Fig. 6 and especially 
3s the detailed illustration of Fig. 6A, the HDPE sheet 10 with 
the specially prepared surface portion 12 is mounted in the 
frame 50 with the frame supporting the HDPE sheet 10 at its 
edges. The frame 50 is suspended from a track 52 for sliding 
into the thermoforming oven or furnace 54. Inside the thermo- 
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forming oven 5 4 the HDPE sheet is heated to temperatures 
typically in the range of 370°F - 400°F (188°C - 204-C) al- 
though a broader temperature range of 250°F - 550°F <121°C - 
288°C) is applicable. The HDPE sheet 10 is typically heated 
, on both sides by infrared radiant heaters over a period of, 
for example, three to four minutes until the sheet 10 is 
uniformly heated to the thermof orming temperature range and 
sags downward from the frame 50. 

The suitably heated and softened HDPE sheet 10 sagging 
, from frame 50 is then delivered along the track 52 outside the 
oven over a thermof orming or vacuum forming mold 55. The mold 
55 has suitable perforations or holes for application and 
distribution of vacuum across the sagging HDPE sheet 10. 

As shown in detail in Fig. 6B, the frame 50 supporting 
5 the depending or sagging HDPE sheet 10 is lowered so that the 
frame 50 rests on top of the mold 55 and the sagging HDPE 
sheet 10 is distributed near the vacuum forming surfaces of 
the mold 55. Next, the frame 50 is disassembled at the cor- 
ners and removed over the sides of the mold 55. Then, as 
>o shown in Fig. 7, the retaining framework 56 is lowered on 

plungers 58 to engage and press the edges of the HDPE sheet 10 
against the top rim of the mold 55 to hold the depending HDPE 
sheet 10 in place during the thermof orming process. Vacuum is 
then applied allowing atmospheric pressure to push the HDPE 
25 sheet 10 against the molding surfaces of the mold 55 to pro- 
duce the truck bed liner 60 illustrated for example in Fig. 8. 

The truck bed liner 60 shown in Fig. 8 has been trimmed 
after removal from the mold, cutting away excess plastic from 
the HDPE sheet and cutting away the tailgate liner portion 
30 (not shown) to be mounted on the tailgate of a pickup truck. 
The bed liner 60 is formed with a bottom portion or base 62. 
The area of base 62 between the wheel wells coincides with the 
exposed surface area 12 of HDPE sheet 10 exposed by the mask 
20. An antislip surface has therefore been formed across the 
as base 62 of the bed liner 60 between the wheel wells. The 

difference in appearance between the untreated HDPE and anti- 
slip surfaces is not visible from the distant vantage point of 
Fig. 8. A portion of the base 62 between the wheel wells is 
shown in detail in Fig- 9 where the droplets 64 are visible 
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forming a stippled pattern across the base 62. The droplets 
64 preferably cover less than 50% of the surface area across 
the base 62 leaving exposed areas of the HDPE sheet between 
droplets. In this manner, the droplets 64 form substantially 
, separated, non-connected and discontinuous asperities, bumps 
or pimples without forming a continuous or contiguous layer, 
film or mat of droplets. In other words, most or substan- 
tially all of the bumps do not contact other bumps. Even when 
some droplets overlap or contact each other, the overall 
a result is one of non-contiguous bumps or asperities. 

Referring to the detailed cross section of Fig. 10, most 
of the droplets harden during the thermoforming process to 
form asperities 64 projecting from the base 62 of the bedliner 
60. Some of the droplets may harden and polymerize forming 
5 asperities 65 bonded to the surface of the base 62 while 

entrapping air. During thermoforming the entrapped air ex- 
pands and explodes forming rough edges 56 which further en- 
hance the coefficient of friction across the cargo carrying 
surface. 

Another advantage of the thermoforming process is the 
enhancement of relief across the treated surface area, i.e. 
the area treated to form an antislip surface. The applied 
droplets at least partially shade the underlying portions of 
the HDPE from the radiant heating that is applied for carrying 
out the thermoforming. The differential pattern of shading 
across the treated surface area causes a relatively greater 
vacuum reduction or vacuum thinning of areas of the HDPE sheet 
between droplets, i.e. those areas that received full heating 
without shading, thereby enhancing the relief and elevation of 
the droplet asperities or pimples relative to the HDPE sheet. 
Plateau 67 schematically represents the raised or enhanced 
relief of the surface of the HDPE sheet in the areas directly 
beneath the asperities 64 and 65, although the actual boundary 
between the droplet material and the raised HDPE surface is 
difficult to determine because of the excellent bonding there- 
between. 



20 
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Industrial Appl icability 

The process for selectively forming antislip surfaces can 
be applied to a variety of thermof ormed products including 
flat configuration truck bed mats and slip sheets. The anti- 
slip surfaces can be formed selectively in the same manner as 
described with reference to the truck bed liner or across the 
entire surface of the truck bed mat or slip sheet. In the 
case of a flat configuration truck bed mat or slip sheet or 
other flat product, at least the portion of the sheet to be 
, treated is still thermoformed on a vacuum molding surface with 
a shallow well to cause the differential thinning and enhanced 
relief of asperities formed by the droplets across the sur- 
face. For such applications, an undersize sheet can be 
treated and vacuum formed, and then the flat product portion 
5 is cut away from the thermoformed plastic sheet. 

The process can also be used for selectively forming 
antislip surfaces on a variety of other thermoformed products 
including recreational products, such as slide bars, which 
require a low coefficient of friction slippery bottom but a 
o high coefficient of friction antislip or nonskid top surface. 
Other applications include antislip walking surfaces and soles 
or heels of shoes such as bowling shoes. Another application 
is in providing antislip surfaces on swimming pool surfaces, 
walkways, and stairs, and shower, bathtub and bathroom sur- 
I5 faces thermoformed from sheets of ABS plastic or other thermo- 
plastics. The antislip surface provides an ideal surface for 
human bare feet, imparting antislip properties with a high 
coefficient of friction without unnecessary abrasion, brittle- 
ness, or cutting. The invention can also be used for applica- 
30 tion on other barefoot walking surfaces, and particularly wet 
surface areas. 

While the invention has been described with reference to 
particular example embodiments, it is intended to cover all 
modifications and equivalents within the scope of the follow- 
35 ing claims . 
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Claims 

1. A process for forming an antislip surface on at least 
a selected surface area of a product thermoformed from a sheet 
of thermoplastic material, characterized by the following 
4 steps in sequence: 

applying droplets of a polymer onto a selected surface 
area of a thermoplastic sheet to form a stippled pattern of 
bumps of said polymer, wherein most of said bumps are sepa- 
rated and non-contacting, and said sheet remains substantially 
exposed between adjacent ones of said bumps; 

at least partially hardening said bumps of said polymer; 
heating said sheet to a thermof orming temperature; and 
12 forming said sheet. 

1 2. The process of claim 1, further characterized in that 

2 substantially all of said bumps are separated and non-contact- 

3 ing. 



i 
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3. The process of claim 1, further characterized by 
controlling said applying of droplets so that said bumps cover 
less than 50% of said selected surface area. 



4. The process of claim 1, further characterized by 
2 controlling said applying of droplets so that said bumps cover 
less than 25% of said selected surface area. 



! s. The process of claim 1, further characterized in that 

2 substantially each of said bumps has a circular shape when 

3 viewed perpendicularly to said sheet. 

1 6. The process of claim 1, further characterized in that 

2 said heating and foiaing steps together act to increase a 

3 projection height of said bumps relative to said sheet exposed 

4 between adjacent ones of said bumps. 



7. The process of claim 6, further characterized in that 
said bumps screen areas of said sheet underlying said bumps 
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during said heating step to form a differential heating pat- 
tern corresponding to said stippled pattern. 

8. The process of claim 1, further characterized by 
entrapping air in at least some of said bumps and bursting 
open said air-entrapping bumps by expanding said entrapped air 
during said steps of heating and forming. 

9. The process of claim 1, further characterized in that 
said heating and forming steps together act to further harden 
said bumps and durably bond said bumps to said sheet. 



1 
2 
3 
4 

1 
2 
3 



10. The process of claim 1, further characterized in 
that said bumps provide an increased coefficient of friction 
over said selected surface area relative to a remaining area 
of Baid sheet. 

11. The process of claim 1, further characterized by 
selecting said polymer so that when said product is finished, 
said bumps have a greater hardness than said sheet. 



12. The process of claim 1, further characterized by a 
preliminary step of cleaning said selected surface area for 
removing contaminants and preparing an improved molecular 
4 bonding surface. 



13. The process of claim 12, wherein said cleaning step 
is characterized by applying a flame to said selected surface 



area 



14. The process of claim 1, further characterized by 
controlling diameters of said droplets to be in the range from 



3 50jj to 750p. 



15. The process of claim 1, further characterized in 
that when said product is finished, said bumps have sizes in 



3 the range from 50)j to 750u 
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1 16. The process of claim 1, further characterized by a 

2 preliminary step of providing said polymer in a liquid form 

3 and forming said droplets of said liquid polymer. 

1 17. The process of claim 16, wherein said steps of 

2 forming and applying said droplets are characterized by spray- 

3 ing a mist of said droplets from a spray nozzle. 

1 " 18. The process of claim 17, further characterized by 

2 masking the sheet to expose said selected surface area and 

3 cover other surface areas before said step of applying said 

4 droplets. 

1 19. The process of claim 1, further characterized in 

2 that said polymer is a thermosetting elastomeric polymer. 

1 20. The process of claim 19, further characterized by 

2 mixing an adhesion promoter with said thermosetting elasto- 

3 meric polymer in the range of 1% to 7% by weight of the mix- 

4 ture . 

1 21. The process of claim 19, further characterized by a 

2 step of mixing a polyurea prepolymer and an isocyanate to form 

3 said thermosetting elastomeric polymer. 

1 22. The process of claim 19, further characterized in 

2 that said polymer is a hybrid polyurea polyurethane polymer. 

x 2 3. A process for selectively forming an antislip sur- 

2 face on a product thermoformed from a sheet of plastic mate- 

3 rial characterized by: 

4 cleaning the surface of the sheet for removing contami- 
s nants and preparing a good bonding surface; 

6 masking the sheet to expose a selected surface area to be 

? provided with an antislip surface; 

e forming into droplets a sprayable polymer; 

9 spraying and depositing a mist of the droplets onto the 

io selected surface area to form a stippled pattern of primarily 
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separate droplets across the selected surface area leaving the 
sheet substantially exposed between droplets; 

controlling the time duration of the spraying so that the 
droplets cover less than 50% of the selected surface area; 
at least partially hardening the droplets forming the 

is stippled pattern; 

thermoforming the sheet at a thermof orming temperature to 
produce the product, durably bonding the droplets to the 
sheet, and further hardening the droplets into tough macro 
scopic asperities causing a relatively higher coefficient of 
friction over the selected surface area; and 

selecting the sprayable polymer to have a hardness after 
thermoforming in a range of hardness greater than the hardness 
f the sheet but a hardness below brittleness. 
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The process of claim 23, further characterized by a 
M p of cleaning the surface of the sheet by flame treatment 
for burning off contaminants and preparing a good molecular 



4 bonding surface 



25 



The process of claim 23, wherein the steps of form 
ing and spraying the droplets are characterized by using a 
mixing spray head. 



26. The process of claim 23, further characterized in 

2 that the sprayable polymer comprises a thermosetting elasto- 

3 meric polymer formed by mixing a polyurea prepolymer with an 

4 isocyanate . 



27. The process of claim 26, further characterized in 
that the isocyanate is diphenylmethane-4 4' diisocyanate . 

28. The process of claim 23, further characterized in 
that the sprayable polymer is a thermosetting hybrid polyurea 
polyurethane polymer. 

29. The process of claim 23, further characterized in 
that the thermoforming step is carried out at a thermoforming 
temperature in the range of 121°C - 288°C. 
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30. The process of claim 23, further characterized in 
that the product is a truck bed liner, and the selected sur- 
face area corresponds to a portion of the cargo carrying 
surface of the truck bed liner. 



! 31. The process of claim 25, further characterized by 

2 controlling the time duration of the spraying to a fraction of 

3 a second from the spray head at a pressure in the range of 70 
« - 140 bar. 

32. The process of claim 31, wherein the step of spray- 

2 ing is further characterized by arranging the spray head at a 

3 distance from the sheet in the range of 0.75m - 1.35m. 



33. The process of claim 23, further characterized in 
that the sprayable polymer is a thermosetting elastomeric 
polymer and the polymer is formed into droplets in the diame- 
ter size range of 50p - 750p. 



34. The process of claim 23, further characterized in 
that the sprayable polymer is a thermosetting elastomeric 
resin with a reaction time in the range of several seconds to 



i 

2 
3 

4 30 seconds. 



35. The process of claim 23, further characterized in 
that the sprayable polymer is a thermosetting elastomeric 
resin, and further characterized by mixing an adhesion pro- 
moter with the sprayable polymer before forming into droplets. 

36. The process of claim 35, further characterized in 
that the adhesion promoter is mixed with the thermosetting 
elastomeric resin to the extent of approximately 5% by weight 



4 of the mixture. 



37. A process for selectively forming an antislip sur- 
face on the cargo carrying surface portion of a truck bed 
liner thermoformed from a sheet of high density polyethylene 



4 (HDPE) characterized by 
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5 cleaning the surface of the HDPE sheet for removing 

. contaminants, exposing the HDPE , and preparing a good molecu- 

7 lar bonding surface; 

masking the HDPE sheet to expose a selected surface area 

9 to be provided with an antislip surface; 

forming into droplets a thermosetting elastomeric poly- 

ii mer; 

spraying a mist of the droplets onto the HDPE sheet, 

13 depositing the droplets on the selected surface area, and 

14 forming a stippled pattern of primarily separate droplets 

is across the selected surface area leaving the HDPE sheet sub- 
is stantially exposed between droplets; 

controlling the time duration of the spraying so that the 
„ droplets occupy substantially less than 50% of the selected 

i9 surface area; 

at least partially hardening the droplets forming the 

stippled pattern by an initial curing step; and 

thermoforming the HDPE sheet in a therxnof orming tempera 
ture range of 121°C - 288°C to produce the truck bed liner, 
durably bonding the droplets to the HDPE sheet, and hardening 
the droplets into tough macroscopic asperities causing a 
relatively higher coefficient of friction over the selected 
27 surface area. 
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38. The process of claim 37, further characterized by 
forming the thermosetting elastomeric polymer by mixing a 
polyurea prepolymer with an isocyanate. 

39. The process of claim 37, further characterized in 
that the thermosetting elastomeric polymer is a hybrid poly- 
urea polyurethane polymer. 

40. The process of claim 37, further characterized in 
that the time duration of the spraying is controlled to a 
fraction of a second, through a spray head at a pressure in 
the range of 70 - 140 bar and at a distance from the HDPE 
sheet in the range of 0.75m - 1.35m. 
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1 41. The process of claim 37, wherein the cleaning step 

2 is characterized by flame treatment, the step of at least 

3 partially hardening the droplets is characterized by using 

4 heat and air, and the step of thermof orming the HOPE sheet is 

s characterized by being carried out in a thermof orming tempera- 

6 ture range of 188°F - 204°F. 

1 42. The process of claim 37, wherein the step of forming 

2 the polymer into droplets is characterized by forming the 

3 droplets in the size range of SQjj - 150p in diameter. 

1 43. The process of claim 37, further characterized in 

2 that the droplets after thermof orming are substantially in 

3 the size range of 50/; - ISQjj. 

r 44. The process of claim 37, further characterized in 

2 that the thermosetting elastomeric polymer has a reaction time 

3 in the range of several seconds to 30 seconds. 

1 45. The process of claim 37, further characterized by 

2 entrapping air in some of the droplets and exploding the 

3 entrapped air through the top of the droplets during thermo- 

4 forming, thereby forming rough edges on the droplets to in- 
s crease the coefficient of friction. 

1 46, The process of claim 37, further characterized by 

2 mixing an adhesion promoter with the thermosetting elastomeric 

3 polymer before forming into droplets. 

1 47. The process of claim 46, further characterized in 

2 that the adhesion promoter i6 mixed with the thermosetting 

3 elastomeric polymer in the range of 1% to 7% by weight of the 

4 mixture . 

1 48. A thermof ormed product thermoformed from a plastic 

2 sheet of thermoplastic material and having an antislip surface 

3 area characterized in that: 

4 said antislip surface area is provided on a selected 
s surface area of said plastic sheet, and includes separate 
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pimples of a polymer material durably bonded to said plastic 
sheet, 

wherein said pimples have a hardness greater than that of 
said plastic sheet and below brittleness, said pimples provide 
tough macroscopic asperities causing a relatively higher 
coefficient of friction over said antislip surface area, said 
pimples cover less than 50% of said antislip surface area, and 
said pimples have diameters in the range of 50p - 750/j. 

49. The thermoforrned product of claim 48, further charac- 
terized in that said polymer material of said pimples is a 
thermosetting elastomeric resin. 

50. The thermoforrned rroduct of claim 49, further char- 
acterized in that said thermosetting elastomeric resin is a 

3 polyurea isocyanate polymer. 



51. The thermoforrned product of claim 48, further char- 

2 acterized in that said thermoplastic sheet is a high density 

3 polyethylene sheet. 



52. The thermoforrned product of claim 51, further char- 
acterized in that said thermoforrned product is a truck bed 
liner and said antislip surface area is a cargo carrying 
« surface area. 



53. The thermoforrned product of claim 48, further char- 
acterized in that said thermoforrned product is a truck bed 
liner and said antislip surface area is a cargo carrying 



1 
2 
3 

4 surface area- 
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